Epinephrine inhalation is now widely used to provide bronehodilator therapy for patients with chronic obstructive pulmonary emphysema. In this study a variety of cardiorespiratory effects following epinephrine inhalation have been examined to compare responses in normal and emphysematous subjects, and to evaluate possible differences between inhalational and parenteral usage of the drug. Since previous studies on the effects of epinephrine in emphysemnatous patients have been largely concerned with the respiratory apparatus, particular attention here has been directed toward the pulmonary circulation. The data presented are from studies carried out in 5 healthy normal subjects, and in 11 patients with chronic pulmonary emphysema of varying severity. In each instance in the latter group the diagnosis of pulmonary emphysema was made on the basis of characteristic clinical findings, roentgenograms of the chest, and standard pulmonary function tests. In order to define the degree of severity of the disease process from a fune-
Epinephrine inhalation is now widely used to provide bronehodilator therapy for patients with chronic obstructive pulmonary emphysema. In this study a variety of cardiorespiratory effects following epinephrine inhalation have been examined to compare responses in normal and emphysematous subjects, and to evaluate possible differences between inhalational and parenteral usage of the drug. Since previous studies on the effects of epinephrine in emphysemnatous patients have been largely concerned with the respiratory apparatus, particular attention here has been directed toward the pulmonary circulation.
CLINICAL management of patients with chronic obstructive pulmonary emphysema at present frequently involves use of an effective bronchodilator agent delivered via an effective route. Epinephrine, administered by the inhalation of a nebulized solution, continues to be one of the most widely used agents. It therefore seemed desirable to compare the effects of epinephrine inhalation with those known to occur following parenteral administration in man, and to compare the drug responses in normal and emphysematous subjects. Observations on a variety of cardiorespiratory effects following epinephrine inhalation, with particular attention to the pulmonary circulation, constitute the basis of this report.
The data presented are from studies carried out in 5 healthy normal subjects, and in 11 patients with chronic pulmonary emphysema of varying severity. In each instance in the latter group the diagnosis of pulmonary emphysema was made on the basis of characteristic clinical findings, roentgenograms of the chest, and standard pulmonary function tests. In order to define the degree of severity of the disease process from a fune- In table 2 are shown the physiologic groups into which the emphysematous patients fell, together with data on pulmonary function relative to lung volumes and intrapulmonary gas mixing. Of the emphysematous subjects, 2 fell into group 1, 2 into group 2, and the remaining 7 into group 3. In all cases except 1 (V.G.), the index of intrapulmonary gas mixing was elevated above the upper limit of normal (2.5 per cent). In all cases but 1 (R.G.), the ratio of the residual volume to total capacity of the lung was elevated well above the predicted normal value. In this patient, however, there was present in addition to the emphysematous process moderately advanced pulmonary fibrosis and chronic bronchiectasis as shown by histologic examination of a reseeted lobe of the lung following this study. METHODS
The pharmacologic agent used in this study was a 2.25 per cent solution of racemic epinephrine,* administered by oral inhalation of the nebulized solution. This was carried out by manual operation of a rubber bulb hand-pump nebulizer held about 1 inch from the open mouth of the subject. Hg were con-RESULTS The data regarding the effects of racemic epinephrine inhalation on certain ventilatory functions, on the oxygen uptake by the lung, and on arterial blood gases and pH are presented in table 3. With the notable exception of the effect on arterial carbon dioxide tension, the respiratory effects were essentially the same in both the normal and the emphysematous subjects. Pulmonary ventilation rose in all the normal subjects save 1 (R.M.), an average increase of 31 per cent, and also rose in all the emphysematous patients except 1. There was no significant change in respiratory frequency following racemic epinephrine inhalation in either group, so that the increased pulmonary ventilation was achieved chiefly by virtue of an increase in tidal volume. This rose on the average 20 per cent in the normal group, and 23 per cent in the emphysematous patients.
In view of the route of administration and the varying time intervals involved, the respiratory exchange ratios showed remarkably little change following racemic epinephrine (PIz) in centimeters of water, and electrocardiographic standard lead I (EKG 1). Time lines are 0,04 second. Note the sharper systolic peak of the brachial artery pressure curve after epinephrine, with greater prominence of the dicrotic notch and slight increase in pulse pressure. In this case similar changes are also seen in the configuration of the pulmonary arterial pressure curve following epinephrine. Systolic pressure rises in the pulmonary artery and right ventricle after epinephrine, and the duration of the systolic pressure rise in the ventricle is shortened .  FIG. 4 Bottom. Pulse pressure curves recorded during 1 respiratory cycle before (left) and after (right) racemic epinephrine inhalation in an emphysematous subject. Format of the recording is identical to that in figure 3 except that electrocardiographic standard lead II (EKG 2) was used. Changes in configuration and magnitude of pulse pressure curves after epinephrine are similar to those demonstrated in the normal subject.
spontaneous respiration before and after administration of the drug by computing the number of milliliters change in lung volume per centimeter water transpulmonary pressure increment from end-expiration to endinspiration. Table 5 summarizes the effects of racemic epinephrine inhalation on pressure pulses in brachial artery and right ventricle in normal subjects. The duration of the interval from the onset of the QRS complex of the electrocardiogram to the onset of right ventricular contraction as indicated by the systolic pressure rise was the same or slightly shortened. In order to arrive at some index of the duration of right ventricular mechanical systole that might be utilized to evaluate possible drug effect, 2 points on the right ventricular pressure curve were identified, and the time interval between them was measured. The 2 points chosen were the end-diastolic point, and a point on the descending limb of the pressure curve exactly corresponding to the level of the end-diastolic pressure. The time interval between these 2 points, referred to in tables 5 and 6 as the duration of right ventricular mechanical systole, represents an arbitrary index from which only change can be evaluated. This time interval was shortened an average of 0.048 second following racemic epinephrine inhalation. In the brachial artery the duration of the interval between the onset of the QRS complex and the onset of the systolic pressure rise was shortened an average of 0.028 second after epinephrine. There was no change in the duration of the brachial systolic pressure pulse measured from its onset to the dicrotic notch. Following epinephrine there was a consistent change in the configuration of the brachial artery pressure pulse curve, characterized by a sharper rise of the ascending limb, narrowing of the systolic peak, greater prominence of the dicrotic notch, and widening of the pulse pressure usually due to an increase in systolic pressure. Some characteristic changes in the pulse pressure curves recorded before and after epinephrine in a normal and in an emphysematous subject are shown in figures 3 This increase in cardiac work was well tolerated by all patients. No untoward effects were observed following the drug except de-velopment of an occasional premature ventricular contraction in a few patients. The fact that certain emphysematous patients experienied little or no effect upon the circulatory functions measured following racemic epinephrine probably indicates that they had developed some tolerance to the drug.
Arterial carbon dioxide tension, determined by the relationship between bodily carbon dioxide production and alveolar ventilation, was reduced after racemic epinephrine inhalation only in the emphysematous patients. Since the effects of the drug upon carbon dioxide production, total pulmonary ventilation, and respiratory dead space were conmparable in both the normal individuals and the patients, an improvement in alveolar ventilation-perfusion relationships is suggested as the mechanism for this lowered carbon dioxide tension. That a greater efficiency of alveolar ventilation does occur in certain emphysematous subjects following racemic epinephrine inhalation is indicated by reduction in the alveolar nitrogen concentration at the end of 7 minutes of pure oxygen breathing, and improvement in the slope of the nitrogen washout curve.14 Improvement in distribution of inspired air to the alveoli accompanying reduction in airway resistance, and increased tidal volume probably constitute the 2 chief mechanisms responsible for the greater efficiency of alveolar ventilation observed with racemic epinephrine administration. It is notable that all the patients in group 2 and 3 of this series were found to have increases in vital capacity characteristic of the response to racemic epinephrine in chronic obstructive emphysema.
Despite the absence of significant change in intrathoracic pressure variation following racemic epinephrine inhalation in the few emphysematous patients studied, the drug resulted in a favorable modification of respiratory mechanics. An increase in tidal volunie was achieved with the same intrathoracic pressure change, so that an increase in the apparent or dynamic compliance of the lung occurred. The dynamic compliance in patients with obstructive emphysema is largely determined by the flow resistive characteristies of the lung and is sensitive to changes in respiratory rate.15 An increased dynamic compliance after racemic epinephrine despite some increment in respiratory frequency might therefore be accounted for entirely on the basis of diminished flow resistance. The data permit no conclusions regarding possible change in static lung conmpliance. * The change in configuration of the systemic arterial pressure pulse that characterized the response to racenmic epinephrine inhalation in our cases has been reported previously with parenteral administration of epinephrine.16 It is not a specific change, and occurs in other clinical states such as infection and hyperthyroidism where peripheral vascular resistance is reduced. Although a change in ventricular dynamics after epinephrine adninistration17 may partially account for this finding, altered vascular resistance seems to be its chief determinant.
Shortening of the duration of mechanical systole in the right ventricle was a fairly consistent observation following racemic epinephrine inhalation in our series, and appeared independent of variations in heart rate, stroke volume, and calculated pulmonary vascular resistance. Shortening of the duration of right ventricular mechanical systole after epinephrine administration has been previously observed in the mammalian heart.8, 19 Coinparable increases ill pulmnonary Vetitilation and oxygen uptake were observed in both normal and emiiphysemnatous subjects following the drug. Little change in arterial blood gases or p11 occurred, except for a reductiomt iu arterial carbon dioxide tension in the empphysemiatous grouj). In the absence of a change in respiratory dead space, this re(luctiolt has beei attributed to an improveitent iii alveolar ventilatioit-perfusion relationships.
The effects of racemic epinephrine iithalation oni llood flow and vascular pressures in the systemic aiid pulmontary circulations were similar in both the itorinal aitd emphysentatous groups. Increases in heart rate and stroke volume resulted in higher cardiac outpult. Mean 
